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Task Order No. 2
Contract No. RD=94

Audio Noise Reduction Cirouits

The obJeot of this project is to develop a noise reduction
cirouit suitable for use in separating speech intelligence from a signal
containing speech and noise when the speech intelligence is masked by
the noise. The proposed method involves a principle which has been used
sucoessfully to improve the signal-to-noise ratio in music reproducing or
transmission aystems.l The system used for music contains bandpass filters
which pass frequencies over a range of an ootave or less. These filters
are used at the input and output of a non-linear element. The output of
the non-linear elements contain the fundamental, and also harmonios and
subharmonios cf the fundamental. However, since the pass band of the
input and output bandpass filters is no greater than an octave, the
harmonios and subharmoniocs are not transmitted by the system. The
funotion of the non=linear element is to reject all noise signals below
8 given amplitude or threshold level. The threshold levels of the none
linear devices in each channel can be adjusted so that, in the absence
of desired signal, the noise is rejected. Vhen the desired signal is
greater than the threshold level, the nonelinear elemsnts allow the
composite signal to pass. Thus, for passages of recorded music, when

the musio signal is below the noise level in a given frequency ohannel,
the channel is inoperative, and its output is eliminated from the total

output. Since the contribution of this channel to the total output would

have been only noise, the overall noise level is reduced. Vihen the music

1. H.F, Olson, “Electronics,” Dec. 1947.
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signal in a given channel is greater than the noise, the channel conducts
and allows the composite signal to pass. Thus, a channel conduots only
when the desired signal is greater than the noise, and rejects when noise
alone is present.

In order to apply this method of noise reduction to speech,
when the wide band spesch signaleto-noise ratio is very low, it is
necessary to find frequency regions in which there are times when the
speech amplitude is greater than the noise. Although the long time
average spectrum of speech is continuous, and similar in shape to the
speotrum of room no:l.se,2 the short time spectrum of various speech sounds
oontains regions of maximum energy called speech t’ox»xnmnta.3 The assumption
that this method of noise reduction could be utilized for speech was based
upon the belief that it would be possible to find frequenocy regions in
which the amplitude of the speech formants would be greater than the noise
a substantial part of the time.

A study has been made to determine what bandwidths are required
in order to obtain speech formant amplitudes above the noise when a wide
band speech sample is Just intelligible in noise. It is known that for
noises with a continuous spectrum it is the nolse components in the
irmediate frequency region of the masked tone whioch contribute to the
msking.4 When a very narrow band of noise 1s used to mask a pure tone,
the masking inoreases as the bandwidth is inoreased until a certain bandwidth
is reached. After this, as the bandwidth is increased, the amount of
masking remeins constant. This bandwidth at which the masking reaches a

fixed valus is termed the oritical bandvd.d:l:h.5 The oritical bandwidth is

Z. H. Fletoher, "Speech and Hearing on Communication," Van Nostrand Co., Inc.,
New York, 1953 (see Figures 61 and 70).

Se OPGOito Oh‘po 1.

4. LeL. Beranek, "The Design of Speech Communication Systems,” Proc. IRE,
Vol. 36, pp. 882, Sept. 1947,

S5« N.R. French and J.C. Steinberg, "Factors Governing the Intelligibility of
Speech Sounds," Jour.Acoust.Soc.Amer., Vol. 19, Jan. 1947 (see Figure 7)
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a mnétion of frequenocy. It is different when listening with one or two ears.
The oritical bandwidth for two ears as a functiom of frequency is shown
by the upper curve of Figure 1. Measuremsnts have been made using filters
which were both narrower and widex; then the oritiocal bandwidth. Both
pure tone§ and speech mixed with bontinuous speotrunm type noises have
been studied. The results of this study show that, for th§ narrowest
permisaiblebl‘)ands which can be used to pass spesch fomnt-. the number
of times the speech formant amplitude in a given band exoseds the noise
is small. Also, in these bands, the speech amplitude is never oonsiderably
greater than the noise. Since very narrow bandwidths are required to reduce
the noise below the signal, the number of bands required to cover the
speech spectrum is quite large. There is no satisfactory way of evaluating
the effect upon ipoeoh intelligence of small contributions from many narrow
bands without building a mny channeled oircuit and evalusting it. From the
information available from studying a few channels throughout the speech
speotrum, it seems possible that some improvement in intelligibility oan be
effected, but this improvement may prove to be smalle.

In view of the fact that there is no convenient way to evaluate
the contributions of & few narrow band channels to speech intelligibility,
a oomplete multi=channel system will be developed in order to determine the
effectiveness of this method of improving speech intelligibility in noise.
The system under development will oontain approximately 80 frequency channels
in the frequenoy renge from 700 to 3200 cps. The bandwidths of these chamnels

will be 3 db narrower than the oritical bands. The bandwidths of these
channels as a funotion of frequency are shown by the lower curve of Figure 1,

The 80 channel noise reducer circuit will be housed in a seven foot relay

rack in which the 80 chamnnels are arranged on 8 chassis with 10 channels on
each chassis.
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During March construction of the 80 channel noise reducer has
been started in the model shop. All of the sheet metal work on the ohassis
have been oompleted and the wiring is now in progress. The low pass output
filters have been completed, tested and installed on the chassis. An inpute
output panel and a switoh pansl have been designed and are under construction.

In anticipation of evaluating the complete noise reducer, a noise
source has been built and measured. The noise intensity per oyocle is
shown in Figure 2. It is planned to evaluate the noise reduction circuit
using simlated white noigse, room noise, and traffic noise. A filter has
been built for use in conjunction with the noise source which simlates
average room noise. The noise spectrum using this filter and the spectrum
of average room noise are also shown in Figure 2.

The method contemplated of evaluating the noise reduction cirocuit
is to mix speech samples with various types of noise and then endeavor to
determine the threshold of intelligibility with and without the noise reducer.
Many types of speech samples and groupings have been used in artioculation
tests to establish quantitative values of :lni;olli.g:l.bi.li‘l::,'.8 For example,
experimenters have used nonsense syllables, monosyllabic words, phonetiocally
balanced or P.B, lists, dissyllabic words, spondee lists, sentences, and
continuous discourse. Although intelligibility could be measured
quantitatively by using one of the standard articulation tests, these tests
are very time consuming. It is felt that satisfactory qualitative
evaluation of the circuit can be cbtained by using an A=B test on continuous
discourse. A few paragraphs of speech of nearly constant intensity have been

recorded. These recordings will be mixed with noise and the composite signal

6e I.Js Hirsh, "The Measurement of Hearing,” MoGraw-Hill Book Cos Inc.,
New York, 1962, Chapter 5.
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of speech and noise will be listened-to direotly, and then through the
noise reduction eoirouit. It is believed that on a direot camparison test
of this type, the effectiveness of the noise reduction cirouit will be

obvious.

25X1

April 8, 1957
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